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SUMMARY 

Three classes of materials, epoxide adhes ives ,  s i l i c o n e  rubbe r s ,  

and f luorocarbon f i l m s ,  have been s t u d i e d  under thermal vacuum c o n d i t i o n s  

a t  15OoC and 

s imulated space environment. Detai led r e s u l t s  of these s t u d i e s  have 

been p resen ted  i n  S p e c i a l  Reports 1-111. This  F i n a l  Summary Report 

reviews t h e s e  s t u d i e s  and p resen t s  some general  conc lus ions  about t h e  

thermal  vacuum behavior  of these  materials. 

mm Hg t o  determine t h e i r  ou tgass ing  p r o p e r t i e s  i n  a 

1 
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I NTRODUCT ION 

The ove r -a l l  o b j e c t i v e  of t h i s  program w a s  t o  provide a s s i s t a n c e  t o  

t h e  JPL s t a f f  members i n  t h e  development of s p e c i f i c a t i o n s  and procedures  

f o r  polymeric s p a c e c r a f t  materials. Th i s  i nc ludes  d e f i n i t i o n s  of 

p r o p e r t i e s ,  tes ts ,  and environments which are s e n s i t i v e  and meaningful,  

and c o l l e c t i o n  of p e r t i n e n t  p rope r ty ,  environmental ,  and materials d a t a  

f o r  use i n  s p e c i f i c a t i o n s .  Of p a r t i c u l a r  importance t o  t h i s  program 

are t h e  ou tgass ing  c h a r a c t e r i s t i c s  of va r ious  polymeric materials under 

thermal  vacuum cond i t ions .  The classes of materials t o  be examined 

were s e l e c t e d  by t h e  JPL cognizant eng inee r s .  

The classes of materials s e l e c t e d  f o r  s tudy  were: 1) the  genera l  

purpose epoxide s t r u c t u r a l  adhes ives ,  s p e c i f i c a l l y  the Eponl adhes ives ;  

2) the RTV s i l i c o n e  rubbe r s ,2  f o r  u s e  as adhes ives  and p o t t i n g  compounds; 

and 3) Tef lon  F@ and T e d l a 9  f luorocarbon f i l m  material. Samples 

were prepared and cured  u s i n g  recommended procedures ,  and t he i r  weight 

l o s s  c h a r a c t e r i s t i c s  a t  150'C and mm Hg were determined.  Th i s  

tempera ture  (150' C) approximates t h e  c u r r e n t  1 y recommended st e r  i 1 i zat i on 

temperature  f o r  s p a c e c r a f t .  The r e s u l t s  of t h i s  s tudy  have been 

r e p o r t e d  i n  d e t a i l  i n  t h r e e  Spec ia l   report^.^-^ 

'Trademark f o r  S h e l l  Chemical Company's epoxide adhes ives  

2General  Electr ic  Company's trademark f o r  Room-Temperature Vulcanizing - 

"Trademark of E . I .  du Pont de Nemours, Inc .  

S i  1 i cones 

4Development of Material S p e c i f i c a t i o n s  and Q u a l i f i c a t i o n s  of Polymeric 
Materials f o r  t h e  JPL Spacecraf t  Materials Guidebook, Spec ia l  Report 
No. I .  Epoxide Adhesives 

' I b i d . ,  Spec ia l  Report N o .  11, RTV S i l i c o n e  P o t t i n g  Compounds and 
Adhe s i v e  s 

6 1 b i d . ,  Spec ia l  Report N o .  111, Polyf luorocarbon Films 
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EXPER I MENTAL 

Materials: - The materials used i n  t h i s  s t u d y ,  Epon adhes ives ,  RTV 

s i l i c o n e  r u b b e r s ,  and f luorocarbon polymers,  were supp l i ed  by S h e l l  

Chemical Company, General Electric Company, and E .  I .  du Pont de 

Nemours and Co. ,  r e s p e c t i v e l y .  De ta i l ed  sample p r e p a r a t i o n s  have been 

desc r ibed  i n  t h e  S p e c i a l  Reports and i n  genera l  fo l low the  material 

p repa ra t ions  recommended by t h e  manufacturers .  I n  some cases, where 

t h e  ou tgass ing  c h a r a c t e r i s t i c s  were poor ,  modified p r e p a r a t i o n  and 

c u r i n g  s t e p s  w e r e  i n v e s t i g a t e d  a t  t h e  r eques t  of JPL cognizant  eng inee r .  

These are d e t a i l e d  i n  Spec ia l  Reports No. I and 11. 

Apparatus:  - The appara tus4  used i n  t h i s  s tudy  f o r  thermal  vacuum 

t e s t i n g  c o n s i s t e d  of a h igh  vacuum s y s t e m  w i t h  f o u r  sample cel ls  

hea ted  t o  t h e  d e s i r e d  temperature  by o i l  b a t h s .  P re s su res  were measured 

by a n  ion  gauge; t h e  s y s t e m  w a s  capable  of r o u t i n e  p re s su res  of 10'6 

t o  mm Hg. 

C h a r a c t e r i z a t i o n  of Materials: - C h a r a c t e r i z a t i o n  and i d e n t i f i c a t i o n  of 

t h e  polymeric materials were performed u s i n g  va r ious  spec t roscop ic  

methods. I n f r a r e d  s p e c t r a  were recorded on a Perkin-Elmer 221 

SpectrophotomeTer, UV-visible spectra on a Cary Model 1 4 ,  and mass 

s p e c t r a  on a Consol idated Electrodyanamics Corpora t ion  Model 21-103C. 

Vacuum outgass ing  procedures were t h e  same f o r  a l l  materials, i . e . ,  

t h e  test specimens were subjec ted  t o  thermal  vacuum cond i t ions  of 

150°C ( i n  some cases  20OoC) mm Hg f o r  100-200 hours .  The samples 

were removed a t  i n t e r v a l s  t o  determine weight loss. Trapped outgassed 

v o l a t i l e s  were t r a n s f e r r e d  from the  co ld  t r a p  i n t o  an  evacuated g l a s s  

b u l b  f o r  mass spec t roscop ic  a n a l y s i s .  I n  some c a s e s ,  i n f r a r e d  s p e c t r a  

of condensable o i l s  were obta ined .  

3 
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RESULTS 

The outgass ing  curves  of the materials t e s t e d  took t h e  form shown 

i n  t h e  f i g u r e  below, that i s ,  there  was a l a r g e  i n i t i a l  weight l o s s ,  

o f t e n  t a k i n g  p l a c e  i n  the  f i r s t  24 hours  of thermal  vacuum t r e a t m e n t ;  

t hen  t h e  weight l o s s  l eve led  of f  and va r i ed  l i n e a r l y  w i t h  t i m e .  Several  

u s e f u l  parameters  may be obtained from t h e s e  cu rves ;  they  are de f ined  

as fo l lows:  

0 7 T i m e ,  t 

Steady S t a t e  is rep resen ted  by the  l i n e a r  p o r t i o n ,  (BC) of the  curve .  

I n i t i a l  Weight Loss is t h e  zero-time i n t e r c e p t  of t h e  l i n e a r  p o r t i o n  
of t h e  weight l o s s  curve ( A ) .  

- 

Time  u n t i l  Steady S t a t e  i s  the  t i m e  r equ i r ed  be fo re  t h e  weight loss 
becomes l i n e a r  ( 7 ) .  
-- 

Stead  S t a t e  Loss Rate is  given by t h e  s l o p e  of t h e  l i n e a r  po r t ion  of 
t h e  weight l o s s  curve (AW/ut). 
Y--- 

These parameters  are extremely u s e f u l  i n  summarizing t h e  

performance of a m a t e r i a l  under thermal vacuum c o n d i t i o n s ,  and are 

inc luded  f o r  a l l  t h e  m a t e r i a l s  t e s t e d  a t  15OoC and 

d a t a  appear  i n  Table  I (Epon 924 and 941 a r e  not included because they 

w e r e  e l imina ted  on the  b a s i s  of poor q u a l i t y  c o n t r o l ) ;  n o t e ,  however, 

t h a t  t h i s  l ist  inc ludes  only the materials prepared as recommended by 

t h e  manufacturer .  Spec ia l  p repara t ions  o r  t rea tments  of materials 

developed a t  SRI by t h e  r eques t  of t h e  JPL cognizant  engineer  are  

mm Hg. The 
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desc r ibed  i n  t h e  DISCUSSIONS Sect ion .  Table  I1 summarizes t h e  recommenda- 

t i o n s  concerning the s u i t a b i l i t y  f o r  s p a c e c r a f t  a p p l i c a t i o n s  of a l l  the 

materials t e s t e d .  A b r i e f  d i scuss ion  of t h e  r e s u l t s  on each type  of 

material is given below. 

Epon Adhesives: - The n ine  Epon adhes ives  tested were c l a s s i f i e d  

acco rd ing  t o  t h e i r  thermal vacuum performance a t  2OO0C as w e l l  a s  a t  

150OC. The d a t a  on t h e s e  materials are presented  i n  d e t a i l 4  i n  *. 

Spec ia l  Report I .  Epons 934, 931, 924,  and 914 were c l a s s i f i e d  as poor 

adhes ives  fo r  s p a c e c r a f t  use because they undergo thermal  decomposition 

between 150' and 200'C. Therefore ,  i f  u se  temperatures  exceed 15OoC,  

o t h e r  materials should be used.  Epons 941 and 903 are b o r d e r l i n e  

m a t e r i a l s ;  they degrade s l i g h t l y  a t  tempera tures  n e a r  2OO0C bu t  are 

q u i t e  s t a b l e  a t  1 5 0 O C .  

of t h e  c u r i n g  c y c l e )  have good outgass ing  character is t ics  even a t  

2OO0C, and are e x c e l l e n t  adhesives  f o r  s p a c e c r a f t  use .  

t he  case wi th  Epon 4225 i f  it is  f i r s t  pos tcured  a t  177'C t o  ensu re  

complete cu re  and removal of t h e  v o l a t i l e s  involved i n  t h e  c u r e  mechanism. 

Epons 901B-3 and 917 (with a s l i g h t  mod i f i ca t ion  

Th i s  i s  a l s o  

I t  has  a l s o  been found t h a t  two f a c t o r s  are of cons ide rab le  

importance i n  determining t h e  outgass ing  c h a r a c t e r i s t i c s  of these 

materials. The f i r s t  f a c t o r  is t h i c k n e s s .  I n  t e s t i n g  a sample of 

Epon 914 a t  15OoC, any inc rease  i n  th i ckness  from approximately 0 . 4  t o  

4 . 0  m i l s  r e s u l t e d  i n  a four - fo ld  i n c r e a s e  i n  percent  weight l o s s .  The 

second important  f a c t o r  i n  outgass ing  c h a r a c t e r i s t i c s  i s  material 

p u r i t y .  I n  an  experiment w i th  Epoxide adhes ive  ana logs ,  i t  was found 

t h a t  a l though t h e  weight loss of t h e  r e s i n  is f a i r l y  i n s e n s i t i v e  t o  t h e  

p u r i t y  of the r e s i n  b a s e ,  an impure cu r ing  agent  g r e a t l y  i n c r e a s e s  

weight  l o s s  parameters .  

RTV S i l i c o n e  Adhesives  and P o t t i n g  Compounds: - The thermal  vacuum 

t e s t i n g 6  of the  RTV s i l i c o n e  compounds ind ica t ed  that  a l l  were u n s u i t a b l e  

f o r  s p a c e c r a f t  use when cured a s  recommended by the  manufacturer ,  owing 

t o  t h e  l a r g e  amounts of o i l  evolved under s imula ted  space c o n d i t i o n s .  

Attempts  t o  e l i m i n a t e  t h i s  o i l  by p o s t c u r i n g  i n  a i r  a t  s e r v i c e  tempera- 

t u r e  (15O0c), o r  by i n c r e a s i n g  the  amounts of c u r i n g  agent  formulated 

t 
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i n t o  t h e  r e s i n  were not success fu l  s i n c e  o i l  w a s  s t i l l  evolved from t h e  

test specimens.  The o i l  w a s  i d e n t i f i e d  as l o w  molecular  weight s i l i c o n e  

o i l s  of t h e  same chemical type as t h e  base  polymer. This  o i l  can  be 

removed from a s i l i c o n e  rubber  by h e a t i n g  t h e  rubber  t o  15OoC under a 

vacuum of about  mm Hg f o r  24 hours ;  t h i s  t rea tment  reduced g r e a t l y  

t h e  amount of outgassed m a t e r i a l  from t h e  s i l i c o n e  m a t e r i a l s .  I t  i s  

r e a l i z e d ,  however, t h a t  t h i s  t reatment  may not  be f e a s i b l e  f o r  a l l  

s p a c e c r a f t  a p p l i c a t i o n s  of t h e  s i l i c o n e  rubbe r s .  

Fluorocarbon Polymers: - A l l  t h e  polyf luorocarbon f i l m s  t e s t e d  i n  t h i s  

s t u d y , =  i n c l u d i n g  f o u r  types  of Tedlar  f i l m  and one Tef lon  FEP, had 

very low weight l o s s e s ,  a l l  w e l l  below 1%, and, t h e r e f o r e ,  appear  t o  be 

s u i t a b l e  f o r  s p a c e c r a f t  u s e .  The weight l o s s e s  of t h e  pigmented Tedlar  

f i l m s  were, however, rather larger t h a n  those  of t h e  unpigmented 

t r a n s p a r e n t  f i l m s  (0 .5% a s  compared w i t h  about 0 .1%).  There w a s  a l s o  

some s l i g h t  d i s c o l o r a t i o n  of a l l  t h e  Ted la r  f i l m s  du r ing  thermal  vacuum 

t e s t i n g .  
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Table I1 

CLASSIFICATION OF TESTED MATERIALS ACCORDING TO THEIR SUITABILITY 

FOR s PACECRAFT A PPLI CA T I ONS a 

Material 

Epon 934 

Epon 903 

Epon 901B-3 

Epon 917 

Epon 917 
Longer c u r e  

Epon 931 

Epon 4225 

Epon 4225 
Pos t cu red  

b 

Epon 941 

Epon 924 

RTV S i l i c o n e s  
( p o t t i n g  cmpds 
& Adhesive/ 
S e a l a n t s )  

RTV S i l i c o n e s  
w i t h  Vacuum 
Pos tcure  b 

A l l T e d l a r s  

Te f lon  FEP 

- 
Poor 

X 
- 

X 

X 

X 

X 

X 

- 
X 

- 

- 

C l a s s i f i c a t i o n  

Border- 
1 i n e  

X 

S a t i s f a c t o r y  

x 

X 

x 

X 

X 

X 

Remarks 

Degrades a t  < 200°C, h i g h  

Very  h igh  ou tgass ing  a t  2OO0C, 
but  not  n e c e s s a r i l y  due t o  
degradat  i on  

outgass ing  

Low ou tgass ing  a t  150' and 200'C 

High ou tgass ing  a t  150'C 

Low ou tgass ing  a t  150'C i f  
cured  2 h r s  a t  177'C 

Degrades a t  < 2OO0C 

High ou tgass ing  

Very l o w  ou tgass ing  a t  150'C i f  
pos tcured  a t  l eas t  6 h r s  a t  
177OC 

Cheaper product ,  poor q u a l i t y  

High ou tgass ing ,  poor q u a l i t y  

c o n t r o l  

c o n t r o l  

Very h igh  ou tgass ing  and evolu-  
t ion  of condensable o i l s  

Low o u t g a s s i n g  i f  pos tcured  a t  
150' and lO* mm Hg f o r  
24 h r s  

Very low ou tgass ing  

Very low outgass ing  

a Mate r i a l s  prepared and cured us ing  manufac tu re r ' s  recommendation except  
where i n d i c a t e d  

bMaterials cured  u s i n g  s p e c i a l  t rea tments  developed i n  t h e  SRI program 
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I ' 1  

DISCUSS ION 

. -  

I n  the  thermal vacuum s t u d i e s  of polymeric materials, three parameters  

are e s p e c i a l l y  u s e f u l  i n  r e p o r t i n g  data. These are t h e  i n i t i a l  weight 

loss, t h e  s t eady  s t a t e  weight loss r a t e ,  and the  t i m e  r equ i r ed  t o  reach  

s t eady  s ta te .  

have been quoted i n  Spec ia l  Reports No. 1-111. Of t h e s e ,  t h e  i n i t i a l  

weight l o s s  i s  probably t h e  least va luable  i n  ob ta in ing  informat ion  on t h e  

long-term thermal vacuum s t a b i l i t y  of materials. Th i s  parameter r e f l e c t s  

on ly  t h e  l o s s  of s u r f a c e  contaminants and vo la t i l e  s p e c i e s  e n t r a i n e d  

wi ;h in  the polymer network. Of greater i n t e r e s t  are t h e  s t eady  s ta te  l o s s  

rate and the t i m e  r equ i r ed  t o  achieve s t eady  s ta te .  It was found t h a t  

when large amounts of r e l a t i v e l y  nonvo la t i l e  s p e c i e s  were p r e s e n t ,  e i ther  

as  a r e s u l t  of degrada t ion  as i n  the  case of some Epon adhes ives ,  o r  as a 

r e s u l t  of a d d i t i v e s  as i n  the case of the RTV s i l i c o n e s ,  longer  t i m e  is 

requ i r ed  t o  achieve  s teady  state.  When slow d i f f u s i o n  materials are not  

p r e s e n t ,  s t eady  s ta te  is u s u a l l y  reached i n  less  than  24 hours ,  s i n c e  

outgassed  materials are u s u a l l y  a i r ,  water, e tc .  When slow d i f f u s i o n  

materials are p r e s e n t ,  as much as 100 hours  may be r equ i r ed  t o  reach s t eady  

s ta te .  I n  materials where degrada t ion  is  t a k i n g  p l a c e ,  t h i s  t i m e  may be 

even longer  or t r u e  s t eady  s ta te  may not be achieved a t  a l l .  High s teady 

s ta te  loss rates seem t o  be i n d i c a t i v e  of material degrada t ion .  . Thus the  

h i g h e s t  rates observed i n  t h i s  study were f o r  t he  Epon adhes ives  such as 

Epon 934 which underwent degradat ion (with rates of the  o rde r  of 1% per  

100 hours)  and the lowest, were f o r  t h e  very stable Tef lon  type polymers 

(approximately z e r o ) .  Although the t i m e  r equ i r ed  t o  a t t a i n  s t eady  s t a t e  

i n  the case of t h e  s i l i c o n e  rubbers w a s  l a r g e ,  rates were not v e r y  high, 

on the  o rde r  of 0.1% p e r  hundred hours ,  once s t eady  s t a t e  w a s  reached,  

The parameters  were f i r s t  de f ined  by Fulk  and Horr7 and 

F u l k ,  M. M., and K. S .  Horr,  Trans.  Nat ional  Vacuum Symposium, 9 ,  324 
(1962). 

7 - 
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The constancy of weight loss rates has been assumed, but  t h i s  i s  only 

a n  approximation.  

s p a c e c r a f t  adhesive has a l o s s  r a t e  of 24 .5  x g per  kour .  S ince  t h e  

sample weight i s  only 0.8 g it would evapora te  completely ir! about 5 

years under these  c o n d i t i o n s ,  bu t  i t  i s  obvious t h a t  t h e  ra te  must be 

somewhat concentrat ion-dependent ,  and the  r a t e  must decrease  wi th  t i m e ,  

The ra te  c o n s t a n t s ,  however, provide a u s e f u l  index f o r  cornparisan of 

materials i n  t h e  same t i m e  i n t e r v a l s  (0-200 hour s ) .  To r e c a p i t u l a t e :  

i n i t i a l  weight l o s s e s  i n d i c a t e  the  amount of v o l a t i l e  and s u r f a c e  

contaminants ;  long t i m e s  r equ i r ed  i n  achiev ing  s t eady  s t a t e  i n d i c a t e  t h e  

presence of high b o i l i n g  contaminants which w i l l  condense r e a d i l y  and be 

q u i t e  troublesome i n  s p a c e c r a f t ;  and a h igh ,  p e r s i s t e n t  weight loss r a t e  

may i n d i c a t e  a c t u a l  material degrada t ion .  

For example, Epon 917, which is CensiderPd a "good" 

Epoxide Adhesives :* - Because these  adhes ives  were t e s t e d  a t  2OO0C as w e l l  

a s  a t  1 5 O o C ,  much more i n s i g h t  was obta ined  i n t o  t h e  thermal  vacuum 

behavior  of t h e s e  materials. I t  was found t h a t  t h e  15OoC da t a  were some- 

what mis leading  i n  t h a t  ou tgass ing  rates a t  t h i s  temperature  d i d  no t  

r e f l e c t  t r u e  thermal s t a b i l i t y .  Thus, a l though Epon 931 behaves as w e l l  

a t  15OoC, having an  i n i t i a l  weight l o s s  of less than  1% and a ze ro  r a t e ,  

a t  2OO0C i t  has a weight loss of w e l l  over 2% and a l a r g e  l o s s  ra te .  

Th i s  material evolved degradat ion products  i n  t h e  form of condensable 

o i l s .  The material ,  though apparent ly  behaving w e l l  a t  150°C, is 

u n r e l i a b l e :  i n  any l0r.g exposures a t  150°C, o r  if higher  t e a p e r a t u r o s  

are reached ,  t h e r e  i s  s e r i o u s  danger of degrada t ion  s s t t i n g  i n .  

On the  o t h e r  hand, Epon 4225 behaved r a t h e r  poorly a t  150°C, havir.g 

an  i n i t i a l  weight loss of approximately 40/5, but a t  2OO0C t h e  i n i t i a l  

weight loss w a s  only 4.4% and the loss r a t e  had a c t u a l l y  decreased .  There 

w a s  no evidence of material degrada t ion ,  and the  l a r g e  i n i t i a l  mtgatss ing 

w a s  found t o  be due t o  inadequate c u r i n g  r a t h e r  than  t o  m a t e r i a l  deg rada t i cn .  

A f t e r  a pos t cu re  w a s  performsd on t h i s  adhesive ( s i x  hours a t  177'C i n  

air) i t  was found t h a t  i t  appeared t o  be s u i t a b l e  for spacec ra f t  u s z ;  

i . e . ,  i n i t i a l  w e i g h t  l o s s e s  were reduced t o  less t h a c  1% a t  1 5 O o C .  

10  
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It may be concluded,  t h e r e f o r e ,  t h a t  t e s t i n g  materials a t  only a 

s i n g l e  temperature  i s  s u p e r f i c i a l  a t  b e s t  and may r e s u l t  i n  erroneous 

conclus ions  concerning the  s u i t a b i l i t y  of a material. T h i s  i s  a p a r t i c u l a r  

problem f o r  epoxide type  adhesives ,  where t h e  degrada t ion  temperature  of 

the  r e s i n  appa ren t ly  depends more on the p r o p e r t i e s  of t he  c u r i n g  agent  

t han  on he r e s i n  base .  Commercially suppl ied  c u r i n g  agen t s  are o f t e n  

r a t h e r  crude amine mixtures:  the  composition of t h e s e  are extremely 

d i f f i c u l t  t o  determine,  and they  a r e  regarded as p r o p r i e t a r y  by t h e  

manufacturer .  S ince  t h e r e  are s o  many v a r i a t i o n s  i n  epoxy fo rmula t ion ,  

i t  i s  adv i sab le  t h a t  the thermal  p r o p e r t i e s  of t h e s e  materials be w e l l  

known before  they  are recommended f o r  spacec ra f t  u se .  

The dramatic  e f f e c t  of cu r ing  agent  p u r i t y  was r epor t ed  i n  Spec ia l  

Report I .  The c o n t r a s t  between samples made up from pure m-phenylene 

diamine and those  made up €rom p r a c t i c a l  grade (which i s  probably pu re r  

t han  t h a t  used commercially) is very s t r i k i n g .  I n i t i a l l y  each sample 

behaved rather s i m i l a r l y ,  but  a f t e r  t rea tment  was w e l l  underway t h e  

samples con ta in ing  pure amine leve led  of f  somewhat whi le  t hose  con ta in ing  

t h e  impure amine cont inued  t o  show very l a r g e  weight losses (2% a f t e r  

100 hours compared t o  1% a f t e r  t h e  same pe r iod  f o r  t h e  pure amine).  

Two types  of mod i f i ca t ion  are a v a i l a b l e  f o r  r ende r ing  materials 

s u i t a b l e  f o r  s p a c e c r a f t  u s e ;  pos tcur ing ,  o r  s p e c i a l  t r ea tmen t ,  of t he  

cured m a t e r i a l ;  and changes i n  formulat ion of the  s t a r t i n g  components. 

Pos tcures  are s u i t a b l e  f o r  materials l i k e  Epon 4225 where the usua l  cure  

c y c l e  i s  not adequate  t o  bake out a l l  v o l a t i l e s  i n  t h e  sample. I n  a 

material l i k e  Epon 931 a b a s i c  change i n  adhesive formula t ion  i s  needed-- 

f o r  example, use  of a pu re r  cur ing  a g e n t .  

Si l icones: ' -  A rather d i f f e r e n t  problem w a s  encountered i n  t h e  RTV 

s i l i c o n e  rubbe r s .  V o l a t i l e  condensable additives--low molecular  weight 

s i l i c o n e  o i l s - - a re  incorpora ted  i n t o  t h e  material by t h e  manufacturer .  

I t  w a s  found tha t  these o i l s  could not be bonded !n to  t h e  polymer ne t -  

work by i n c r e a s i n g  temperature  of c u r e  o r  c a t a l y s t  concen t r a t ion .  The 

v o l a t i l e  o i l s  could be removed only by s u b j e c t i n g  t h e  test specimens a t  

1 5 O o C  and a vacuum of approximately lo4  mm Hg f o r  24 hours .  Th i s  
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procedure y i e lded  specimens having weight l o s s e s  of less than  1%. I t  i s  

r e a l i z e d ,  however, t h a t  t h i s  thermal vacuum pos tcu re  would be f e a s i b l e  

i n  only a l i m i t e d  number of spacec ra f t  a p p l i c a t i o n s .  A change i n  material 

formula t ion  t o  e l i m i n a t e  t h e  v o l a t i l e  condensable  component would seem 

the more d e s i r a b l e  s o l u t i o n .  

Polyf luorcarbons :  - The f luorocarbon polymers t e s t e d  presented  few 

problems, and a l l  seemed q u i t e  s u i t a b l e  f o r  s p a c e c r a f t  u se .  A l l  had 

i n i t i a l  weight l o s s e s  of less than 1% and ,  w i t h  the  except ion  of t h e  

pigmented Ted la r  samples ( types  30/A and 30/B), t h e  weight l o s s  ra tes  

of t h e s e  materials were approximately zero .  The weight l o s s  rate of 

t h e  pigmented samples w a s  not  l a r g e ,  bu t  i t  might be  of i n t e r e s t  t o  see 

i f  a less v o l a t i l e  f i l l e r  might not be  more s a t i s f a c t o r y .  

CONCLUSIONS 

It  i s  r e a l i z e d  that t h e  da t a  p re sen ted  i n  Spec ia l  Reports  1-111, 

as w e l l  as i n  t h i s  f i n a l  Summary Repor t ,  are not  a b s o l u t e  but  are a 

f u n c t i o n  of sample s i z e ,  geometry, and of t h e  method by which the tes t  

specimen is  prepared .  Th i s  makes apparent  t h e  need f o r  r igo rous  

c r i te r ia  i n  determining outgass ing  parameters  f o r  s p e c i f i c a t i o n  purposes ,  

so t h a t  t he  da ta  obta ined  may be s e n s i t i v e  and meaningful.  

The most s t r i k i n g  f e a t u r e  of t h e s e  s t u d i e s ,  however, w a s  t h e  

r e l a t i v e  unimportance of t h e  thermal s t a b i l i t y  of t h e  base polymer i n  

de te rmining  t h e  outgass ing  p r o p e r t i e s  of a given commercial material a t  

1 5 O o C .  With the  except ion  of a few epoxy r e s i n s ,  no tab ly  Epon 931 and 

934 ,  t he  primary reason  f o r  undes i rab ly  h igh  outgass ing  w a s  t h e  presence 

of i m p u r i t i e s  o r  a d d i t i v e s .  I n  the  case of epoxy adhes ives ,  i t  w a s  

found t h a t  s m a l l  amounts of impurity i n  t h e  amine c u r i n g  agent  could  

have a profound e f f e c t  on the weight loss of a r e s i n  as  a whole. In  

the RTV s i l i c o n e s ,  l o w  molecular  weight s i l i c o n e  o i l s  added by  t h e  

manufacturer  rendered t h e  ma te r i a l s  u n s u i t a b l e  f o r  s p a c e c r a f t  a p p l i c a t i o n s  

12 
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d e s p i t e  t h e  f a c t  that t h e  s i l i c o n e  polymer w a s  q u i t e  stable a t  15OoC. 

Even i n  t h e  polyf luorocarbon f i l m s ,  which had extremely low ou tgass ing  

p r o p e r t i e s ,  it was found that t h e  weight l o s s e s  of the  pigmented f i l m s  

were s e v e r a l  t i m e s  g r e a t e r  than  those of the  unpigmented t r a n s p a r e n t  

materials. 

C lose ly  r e l a t e d  t o  the  impurity problem were t h e  e f f e c t s  of inadequate  

c u r i n g  cond i t ions .  For  example, w i t h  Epon 4225, t o o  b r i e f  a c u r i n g  cycle 

f a i l e d  t o  remove l a r g e  amounts of v o l a t i l e  products  r e s u l t i n g  from t h e  

c u r i n g  r e a c t i o n .  I t  is appa ren t ,  t h e r e f o r e ,  t h a t  a need e x i s t s  f o r  r e sea rch  

on polymer materials, formula t ions ,  and p r e p a r a t i v e  procedures  i n  o rde r  

t o  have material s u i t a b l e  f o r  spacec ra f t  u se .  

13 



.e,..: 2. . ,  

REFERENCES CONSULT ED 

The fo l lowing  r e fe rences  are not  in tended  as a comprehensive 

b ib l iography on space-environmental e f f e c t s  of polymeric materials. How- 

e v e r ,  t h e s e  papers  and r e p o r t s  were found t o  be u s e f u l  on t h i s  p r o j e c t  

and would provide a genera l  i n t roduc t ion  t o  t h e  problems encountered 

du r ing  tests of thermal vacuum e f f e c t s  on- p l a s t i c  materials, s p e c i f i c a l l y  

t h e  classes of materials s t u d i e d  he re .  

General 

A i r  Force Materials Laboratory,  Material Design Handbook, MLTDR-64-141. 

Boebel,  C. P . ,  N.  A .  Mackie, and C .  C. Quaintance,  Outgassing S t u d i e s  of 
Space Materials, Trans.  Nat'l. Vac. Symp., 9, 307 (1962). 

Broadway, N. J . ,  R .  W .  King, and S. Pa l inchak ,  Space Environmental 
E f f e c t s  on Materials and ComDonents. E las tomer ic  and P l a s t i c  Materials. - - - 
V o l .  I . ,  U.S. Dept. of Commerce AD 603364 ( A p r i l ,  1964) .  

Broadway, e t  a l . ,  E d ,  Appendix A-Elastomers. -- 
Broadway, e t  a l . ,  I b i d ,  Appendix B-Plas t ics .  -- - 
Broadway, e t  a l . ,  I b i d ,  Appendix E-Electrical  I n s u l a t i o n .  -- - 
Broadway, e t  a l . ,  I b i d ,  Appendix F-Laminates. -- - 
Broadway, e t  a l . ,  I b i d ,  Appendix G-Potting Compounds. -- - 
deWit t ,  E .  A . ,  e t  a l . ,  E f f e c t  of Low Pressure  a t  Elevated Temperature 
on Space Vehicle  Materials, Martin (Baltimore) Research Memorandum 
RH-29 (March 1959).  

-- 

Fulk ,  M.  M.  and K.  S .  Horr ,  Sublimation of Some Polymeric Materials i n  
Vacuum, Trans .  N a t ' l .  Vac. Symp., 2, 324 (1962) .  

G l o r i a ,  H .  R . ,  W .  J .  S tewar t ,  and R .  C .  Savin ,  I n i t i a l  Weight Loss of 
P l a s t i c s  i n  a Vacuum a t  Temperatures from 80' t o  500°F., NASA TN D-1329. 

Hamman, D.  J .  and E. M .  Wyler ,  Space Environmental E f f e c t s  on Materials 
and ComDonents . Volume 11. E lec t ron ic  and Mechanical ComDoGnts . - 

I -  - - 
AD601876 ( A p r i l ,  1964).  

J a f f e ,  L .  D .  and J .  B .  Ri t tenhouse,  Behavior of Materials i n  Space 
Environments,  J .P .L .  TN 32-150 (November, 1961) .  

1 4  



J a f f e ,  L .  D . ,  E f f e c t s  of Space Environment Upon P l a s t i c s  and Elas tomers ,  
Chem. Eng. Prog. Symp., 40, 59, p .  81. 

L e v i ,  D .  W . ,  L i t e r a t u r e  Survey on Thermal Degradat ion,  Thermal Oxida t ion  
and Thermal Analysis  of High Polymers, f o r  P l a s t i c s  Technical  Evalua t ion  
S e r v i c e ,  (P ica t inny  Arsena l ) ,  June,  1963. 

Madorsky, S. L. and S. S t r a u s ,  Thermal Degradation of Polymers a t  
Temperature up t o  120OC. WADC TR 59 64 (March, 1960).  

Pa rke r ,  J .  A . ,  H. R .  Gloria, and J .  J .  Lohr,  Some E f f e c t s  of t h e  Space 
Environment on t h e  Phys ica l  I n t e g r i t y  of P l a s t i c s ,  A I A A  Annual S t r u c t u r e s  - and Materials Conference,  F i f t h ,  Palm S p r i n g s ,  C a l i f . ,  A p r i l  1-3, 1964. 

- 

Podlaseck,  S. and J .  Suhorsky, S t a b i l i t y  of Organic Materials i n  a 
Vacuum, AD 453 239 ( A p r i l ,  1963).  

Podlaseck,  S., J.  Suhorsky, and A .  F i s h e r ,  The Behavior of Organic 
Materials a t  Eleva ted  Temperatures i n  Vacuum, Trans.  N a t ' l .  Vac. Symp., 
9 ,  (1962).  - 
Rive ra ,  M . ,  e t  a l . ,  The Low-Pressure Gas Desorpt ion of some Polymeric 
Materials, Trans .  N a t ' l .  V a c .  Symp., 9,  342 (1962).  

Ringwood, A .  F . ,  Behavior of  P l a s t i c s  i n  Space Environments, Modern 
P l a s t i c s  p .  173, J a n .  1964. 

R i e h l ,  W. A . ,  Cons idera t ions  on the Evaporat ion of Materials i n  a 
Vacuum, Chem. Eng. Prog. Symp., 40, 59,  p .  81. 

Epoxide Adhe s i v e s  

Madorsky, S. L. and S. S t r a u s ,  S t a b i l i t y  of Thermoset P l a s t i c s  a t  High 
Temperatures ,  Modern P l a s t i c s ,  p .  134 ,  Feb. 1961. 

Neiman, M .  B . ,  e t  a l . ,  Thermal Degradation of Some Epoxy Res ins ,  J .  
Polymer S c i .  56 ,  383 (1962) .  

-- - 
Anderson, H. C . ,  Thermal Degradation of Epoxide Polymers, J .  Applied 
Polymer S c i . ,  - 6 ,  22,  481 (1962). 

S i l i c o n e  Rubbers 

Bar ry ,  A .  J .  and H. N .  Beck, S i l i cone  Polymers,  Inorganic  Polymers 
(F.  G .  A S tone  and W .  A .  G .  Graham, e d . ) ,  Academic P r e s s ,  New York, 
1962,  p .  189-307. 

Hughes, J .  S., "Some Recent Advances i n  S i l i c o n e  Chemistry", Development 
i n  Inorganic  Polymer Chemistry (M. F. Lappert  and G .  J .  Leigh, e d . )  
E l s e v i e r  Pub. Co.,  Amsterdam, 1962, p .  138-161. 
- 

15 



Fluorocarbons 

Florin, R. E., L. A. Wall, D. W. Brown, L. A. Hymo, and J. D. 
Michaelson, Factors Affecting the Thermal Stability of Polytetrafluoro- 
ethylene, J. Res. Nat'l. Bur. Std., 53, 121-30, (1954). - 
Madorsky, S. L., V. E. Hart, S. Straus, and V. A. Sedlak, Thermal 
Degradation of Tetrafluoroethylene and Hydrofluoroethylene Polymers 
in Vacuum, J. Res. Nat'l. Bur. Std., 51, 327-333 (1953). - 
Miltek, J. T., A Survey Materials Report on Tetrafluoroethylene (TFE) 
Plastics, U S. Dept. of Commerce AD 607798 (Sept. 1964). 

16 

. . . . , . _ . _ . .  - , - -  . . , . ,  , . I ...., ~- .  . . - ~  . , . . . . . . . .  


